Abstract This paper examines how noise in observed option prices arising from discrete prices and other microstructural frictions affects empirical tests of option pricing models and risk-neutral density estimation. The discrete tick size alone introduces enough noise to make model comparisons difficult, especially for lower-priced stocks. We demonstrate that microstructural noise can lead to incorrect inferences in the univariate diffusion test of Bakshi et al. (Rev Financ Stud 13:549-584, 2000), the transition density diffusion test of Aït-Sahalia (J Financ 57:2075(J Financ 57: -2112(J Financ 57: , 2002, and the speed-of-convergence test of Carr and Wu (J Financ 58:2581(J Financ 58: -2610(J Financ 58: , 2003. We also show that microstructural noise induces a bias into the implied risk-neutral moment estimators of Bakshi et al. (Rev Financ Stud 16:101-143, 2003). Even in active, liquid option markets, observation error is likely to reduce significantly the power of tests, and in some cases represents an important source of bias.
Introduction
In this paper, we investigate the extent to which microstructural noise is likely to contaminate empirical tests of option pricing models. Specifically we look at recent techniques that have been developed for characterizing the underlying asset's stochastic process and estimating risk-neutral densities. Microstructural noise will be more severe for options on low-priced stocks, where the relative tick size is large and where the interval between adjacent strike prices represents a large percentage of the stock price.
Since most of the approaches developed for empirically testing specific option pricing models or classes of models require as inputs the observed market prices of exchange-traded options, microstructural frictions can make it difficult to observe accurate option prices and therefore affect tests of option pricing models (see, for example, Phillips and Smith 1980; Figlewski 1989) . Observed option prices are also used as inputs for estimating implied volatility, calibrating stochastic volatility models, and estimating implied risk-neutral density functions. At a minimum, noise in observed option prices translates into decreased power of empirical tests to distinguish between alternative models, and introduces error in risk-neutral density estimates. In certain circumstances, noise in observed option prices can introduce biases into empirical methodologies.
One way to address this is by focusing on the most actively traded options, the prices of which are presumed to be more representative of the option's "true" value. Many authors have restricted their attention to the S&P 500 or S&P 100 index option market where microstructural problems are believed to be relatively unimportant. Intraday data are often used to ensure synchronous observation of prices across options of different strikes, and spread midpoints are used in place of transaction prices in order to mitigate problems induced by bid-ask bounce.
However, it is not clear whether such safeguards are sufficient to ensure reliable results, or on the contrary whether microstructural errors are severe enough to cast doubt on the conclusions drawn in the empirical literature. The work of Christensen and Prabhala (1998) suggests that the amount of noise in option prices is large enough to introduce a significant attenuation bias to regression-based implied volatility forecast tests, such as those conducted by Canina and Figlewski (1993) . Research by Hentschel (2003) demonstrates that noise in option prices can cause large biases in estimates of the implied volatility smile. Moreover, there are reasons to believe that the bid ask quote midpoint is likely to be a biased estimate of the fair option price, with the bias a function of the strike price. 1 Our study is most closley related to those of Bliss and Panigirtzoglou (2002) and Hentschel (2003) . Bliss and Panigirtzoglou (2002) perturb the prices of options that trade on the LIFFE and compare two methods of extracting the implied risk-neutral probability density functions (PDFs) from option prices. They find that extracting the
